INTRODUCTION
============

Periodontal disease may present a wide variation of its appearance, which brings lack of uniformity on the criteria that define its aspects. This is a problem for epidemiologic researches, since they require reliable information[@B17].

Conventional dental radiography, widely employed as a tool to determine the situation (presence and extension) of periodontal disease, is considered adequate to surveys of periodontal bony loss, although it may underestimate the actual alveolar bone loss. Despite the fact that progresses on the standardization of radiographs have been achieved, their use to qualify the periodontal disease still depends on subjective interpretation. Therefore, measurements of alveolar bone loss have a low level of reproducibility, mainly because of the difficulty to visualize the cementoenamel junctions (CEJs) and alveolar crests (AC)[@B01],[@B04],[@B06],[@B16],[@B17].

According to some authors[@B07],[@B11],[@B12],[@B19], digital manipulation of the radiographic images may improve the reproducibility and the diagnostic value of radiographic interpretation, as the structures are better visualized. Once the radiographs are digitalized, filters may be readily applied to enhance visualization of the bone architecture for the measurements of bone loss. Researches on density, contrast and edge enhancement have already proved their usefulness to the diagnosis of caries and alterations of the alveolar bone[@B15],[@B18].

In 1990, Hildebolt, et al.[@B10] assessed the measurements of alveolar bone loss of human skulls on digitized and manipulated interproximal radiographs. The measurements were done by two examiners with more than 15 years of clinical experience. The author did not observe remarkable differences between the readings of the examiners. He concluded that the digital manipulation technology is highly trustable to establish indices of morbidity of the periodontal disease.

According to Akesson, et al.[@B01] (1992), the interpretation of radiographs may be influenced by their quality, the method of diagnosis, and by the operator. Therefore, they studied the influence of different observers on the accuracy of measurements of the bone level using three radiographic methods. A systematic and substantial inter-examiner variation was observed, even with experienced examiners who received basic trainings from the same school. This demonstrates the importance of relying the exams and the diagnostic comparisons on the evaluations of various examiners.

In 1999, Eickholz, et al.[@B05] assessed the measurements of alveolar bone loss and the depth of the bony defect on nonmanipulated and manipulated digitized interproximal radiographs. Seven different types of image filters were used. They concluded that the digital manipulation did not improve the efficacy of the evaluation of bone loss when compared to the non-manipulated images. They concluded that two of the filters reduced the validity of measurements.

After comparing the image quality of six digital radiography systems, Borg, et al.[@B02] (2000) observed that manipulation of images by the histogram did not improve their quality.

Wolf, et al.[@B19] (2001) evaluated the reproducibility of linear measurements of interproximal bone loss on digitized radiographs after application of several methods of magnification and manipulation. They observed that the agreement of identification of the apical aspect of bone defects was lower than the identification of alveolar crests with non-manipulated images. The intra-examiner reproducibility for assessment of the distance between the CEJ and the alveolar crest of examiners was different, being higher for the most experienced one. In general, the intra- and inter-examiner reproducibility of linear measurements on radiographic images was not increased by the manipulation tools of the study (grayscale manipulation and magnification). On the contrary, under certain circumstances, these tools increased the variability of measurements.

As stated by Mol[@B14] (2004), and oppositely to what manufacturers say, the digital images do not improve the efficacy of diagnosis if compared to conventional intraoral images. According to the author, there is neither improvement nor reduction of the diagnosis efficacy. The film-based images continue to be technically equivalent, if not superior to the digital images.

Based on the previous information, the aim of the present research paper was to assess the inter- and intra-examiner reproducibility of linear measurements of interproximal bone losses on digital images that were not manipulated and images that suffered different types of manipulation (brightness-contrast adjustment, negative and pseudocolor).

MATERIALS AND METHODS
=====================

Twelve interproximal radiographs of the molar and bicuspid regions of both sides of a dry human skull were used in this study. Since the image receptor is smaller than a conventional number 2 intraoral film, each tooth of these two groups of teeth and their antagonists were radiographed separately. A film holder *(Rinn Corporation, Elgin, IL, USA)*, adapted to the size of the sensor was used to standardize the radiographic images.

An X-ray machine (Gendex 765DC - *Gendex Dental Systems, Milan, Italy)*, operating at 65 kVp and 7 mA, and a digital radiography system (RadioVisioGraphy - *Trophy Radiology, Toulouse, France)* were used. The exposure time for all radiographs was 0.02 seconds. This time was determined on a pilot study in which the best exposure time would be the one that provided the best image contrast.

All images were saved on non-compressed TIFF *(Tagged Image File Format*) format and analyzed by 5 examiners, all Oral Radiologists, on a computer with a flat, 17-inch screen (LG Studioworks 710E - *LG Electronics Corp., Taubaté -- Brazil*). The training for utili\\ation of image filters was given by the same institution for all examiners. The examiners had to identify the distance from the cementoenamel junction (CEJ) to the alveolar crest (AC) or to the deepest extension of the bony defect (BD).

The digital manipulations and the linear measurements from the CEJ to the AC or from the CEJ to the BD were done on the Trophy Windows (RadioVisioGraphy -- *Trophy Radiology, Toulouse, France)* software which is part of the digital radiographic system. The magnification of images was the same for all measurements. For each image, six different versions were created: 1) non-manipulated; 2) brightness-contrast adjustment; 3) negative; 4) negative with brightness-contrast adjustment; 5) pseudo-colored; 6) pseudo-colored with brightness-contrast adjustment.

The distances that represent the mesial and distal bone loss of the mandibular first and second bicuspids, and of the mandibular first and second molars were measured by the five examiners on each version of the twelve images. A total of 48 images were measured. Each measurement was redone after a two-week interval. To prevent bias of the same measurement, the authors established an order for interpretation of images. Each examiner measured the nonmanipulated version of one image, then the brightness-contrast version of a second image, then the negative version of a third image, and so on. The images were randomly selected for measurements.

RESULTS
=======

In order to check the error of the method, the measurements from the first and second readings of each examiner were analyzed by linear regression analysis. As long as there were no significant errors in the method *(r^2^=0.9)*, that means, differences between the first and the second readings were not significant, the mean between the first and the second measurements could be used for statistical analysis.

In order to verify if there were any significant differences among the mean values of the measurements of one same examiner with each filter, data were analyzed using two-way ANOVA test (5% level). Although the mean values of examiners could be equivalent, the measurements of each region could vary according to each examiner. This could happen because of the higher or lesser difficulty of each observer to measure a certain region with aid of one or another image filter. This was the reason why the authors decided to use the two-way ANOVA. In other words, with this statistical analysis, it would be possible to determine if one specific image filter would facilitate the reading of one specific region. Therefore, it was necessary to determine the influence of each region over the mean values of the measurements of each examiner.

[Table 1](#t01){ref-type="table"} displays the mean and standard deviation (SD) of the measurements taken by each examiner applying each image filter. [Table 2](#t02){ref-type="table"} presents the p-value for the comparisons among filters and the *p*-value for the interaction between the variable \"region\" and the variable \"filter\".

###### Mean and standard deviation (SD) for the values of each examiner using different image filters

  IMAGE FILTER                                                                       
  -------------- ------------ ------------ ------------- ------------- ------------- -------------
  1              2.079±1.36   1.975±1.34   2.146± 1.37   2.088±1.33    1.971±1.19    2.075±1.34
  2              2.250±1.37   2.233±1.41   2,.329±1.43   2.321 ±1.40   2.425±1.42    2.400±1.42
  3              2.483±1.38   2.479±1.40   2.496±1.36    2.529±1.37    2.679±1.41    2.713± 1.36
  4              1.950±1.21   1.867±1.22   1.971±1.11    2.079±1.25    2.013± 1.30   2.088±1.15
  5              2.483±1.49   2.596±1.51   2.479±1.49    2.496±1.51    2.629±1.42    2.600±1.50

A -- Non-manipulated image

B -- Brightness-contrast adjustment

C -- Negative

D -- Negative with brightness-contrast adjustment

E -- Pseudo-color

F -- Pseudo-color with brightness-contrast adjustment

###### *p-value* for the comparisons among the values of each image filter of each examiner and the *p-value* for the interaction between the regions and the filters

                                                                 EXAMINER                           
  -------------------------------------------------------------- ---------- ------- ------- ------- -------
  *p-value* Filters[\*](#TFN01t02){ref-type="table-fn"}          0.007      0.017   0.014   0.003   0.155
  *p-value* Interactions[\*\*](#TFN02t02){ref-type="table-fn"}   0.236      0.998   0.786   0.318   0.245

p\<0,05 - Significant intra-examiner differences.

p\<0,05 - Influence of the region on the results of the readings by each filter.

The one-way ANOVA test was used to compare the measurements of examiners using one specific image filter. In this case, it was not necessary to verify the influence of the variable \"region\" over the variable \"examiner\".

[Table 3](#t03){ref-type="table"} shows the mean and SD of the measurements of the 5 examiners using the same filter. [Table 4](#t04){ref-type="table"} demonstrates the *p*-value of the comparison among means of measurements of each examiner using one specific image filter.

###### Mean and SD of the values of the examiners using the same filter

  EXAMINER                                                            
  ---------- ------------- ------------- ------------- -------------- -------------
  A          1.975±1.341   2.233±1.417   2.583±1.510   1.867±1.224    2.479±1.409
  B          2.146±1.378   2.329±1.436   2.446±1.498   1.971±1.199    2.496±1.367
  C          2.088±1.338   2.321±1.407   2.442±1.530   2.079±1.251    2.529±1.376
  D          1.983±1.338   2.425±1.407   2.671±1.530   2.013± 1.251   2.679±1.376
  E          1.983±1.244   2.425±1.427   2.671±1.426   2.013±1.306    2.679±1.414
  F          2.117±1.295   2.400±1.421   2.613±1.508   2.088±1.154    2.713± 1.36

A - Non-manipulated image

B - Brightness-contrast adjustment

C - Negative

D - Negative with brightness-contrast adjustment E - Pseudo-color

F - Pseudo-color with brightness-contrast adjustment

###### *p-value* of the comparisons among the values of the examiners using the same filter

  FILTER                                                                                   
  ------------------------------------------------ ------- ------- ------- ------- ------- -------
  *p-value* [\*](#TFN01t04){ref-type="table-fn"}   0.843   0.662   0.876   0.901   0.563   0.719

p\>0,05 - No significant inter-examiner diferences for each filter.

DISCUSSION
==========

The periodontal disease is clinically diagnosed by assessment of the probing depth and clinical attachment level, which ranges between 1 and 3 millimeters. However, radiographs are usually used on the evaluation of disease.

The radiographic examination is a complement to clinical diagnosis, since they provide parameters for an adequate treatment planning for each case and helps in the evaluation of alveolar bone response to treatment. Nevertheless, one of the limitations of radiographs is the fact that they are 2D representations of 3D structures and therefore superimposition of images that may mask the actual condition of the alveolar bone may occur[@B08],[@B09],[@B12].

The alveolar bone loss is the main characteristic of the periodontal disease. The height of the alveolar bone may be determined either surgically or in a non-invasive manner by radiographs. However, there is a tendency of underestimation of bone loss with the non-invasive method[@B01],[@B04],[@B06],[@B17].

Morbidity indices based on radiographs are also limited by the variations of densities of the oral structures, which reduces the accuracy of differentiation of the buccal and the lingual alveolar bone heights, especially when the alveolar crests have lower density or are superimposed by the teeth. In the presence of a non-treated intra-bony defect, it is more difficult to find its apical portion because the bone structure is diffuse. That may be the explanation for the high prevalence of underestimation or overestimation of bone loss during measurements of distances from the CEJ to the BD[@B10].

Such obstacles may bring differences on the judgments of the examiner, and are a problem for comparisons among distinct epidemiological surveys[@B17].

Therefore, for many authors[@B03],[@B05],[@B07] the digital radiography has many favorable characteristics for the diagnostic procedure when compared to conventional radiography. One of them is the possibility to make digital adjustments to increase the image quality, which facilitates the detection of structures on the image. A number of softwares offer a tool to adjust the gray scale, brightness, contrast, edge sharpening, color modification and grayscale inversion to improve visualization by examiners.

However, some authors like Kullendorff and Nilsson[@B13] (1996), Eickholz, et al.[@B05] (1999), Borg, et al.[@B02] (2000), Wolf, et al.[@B19] (2001) and Mol[@B14] (2004) stated that the image filters do not influence the diagnostic process.

Considering the importance of reproducibility of measurements of bone loss on epidemiological surveys of periodontal disease, the aims of the present research were to verify the intra- and inter-examiner differences regarding linear measurements of periodontal disease on digital radiographs and if the application of image filters affects this reproducibility.

The linear regression analysis did not demonstrate significant differences between the first and second readings of examiners. Comparing the six measurements of the same examiner ([Table 2](#t02){ref-type="table"}), each corresponding to one version of the images, the readings of four out of the five examiners were significantly different *(p\<0,05)*. In general, the use of image filters did not increase the reproducibility of measurements of the examiners. This result was also found by Wolf, et al.[@B19] (2001). Nevertheless, these authors stated that the lack of experience of one of the observers of their study was the cause of the low reproducibility of measurements, since the most experienced observer presented a high reproducibility level. In the present study, the measurements of the most experienced observers (1, 2 e 4) were not reproducible *(p\<0.05)*.

The inter-examiner results were compared ([Table 4](#t04){ref-type="table"}) and the *p*-values demonstrated high level of reproducibility among them using the same image filter (*p*\>0.05). It is clear that even with the non-manipulated image (Filter A), a high *p-value* was observed (*p*=0.843). Nonetheless, the filters B (brightness/contrast) and E (pseudo-color) reduced the reproducibility level of measurements.

The results of statistical analyses indicated that application of certain types of image filters affect the radiographic interpretation. Nevertheless, since it was not the aim of the present paper to analyze the validity of measurements, we cannot state that the filters improved the diagnostic process. In this study, it was observed that the filters do negatively affect the readings of the same operator.

Analyzing the measurements of the five examiners, it was observed that the negative filter and negative with brightness/contrast adjustment provided better results, since the *p*-values for those comparisons were higher. However, we found *p*\>0.05 for all image filters. Therefore, in general there was no improvement in inter-examiner reproducibility of measurements of alveolar bone loss with the application of image filters. It is possible to state, as did Akesson, et al.[@B01] (1992), that the radiographic interpretation was influenced not only by the radiographs or the method of diagnosis, but also by the examiner. Reliable comparisons of intra-examiner results can be obtained with an index of well-established criteria. This will also allow reliable comparisons of inter-examiner results[@B17].

CONCLUSIONS
===========

Based on the results, we concluded that:

1.  -- In general, the use of image filters did not improve the reproducibility of intra-examiner results. Four out of five examiners presented statistically significant differences *(p\<0.05)* among their measurements regarding the six image filters;

2.  -- There were no significant differences among the mean values of measurements of examiners using the same image filter. Therefore, a high level of inter-examiner reproducibility was found, independently from the image filter;

3.  -- The negative filter and the negative with brightness/contrast adjustment filter provided higher *p*-values to the inter-examiner reproducibility.
